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LEARNING OBJECTIVES

After completing this course, the reader will be able to:

1. Discuss the differentiation of follicular adenoma from follicular carcinoma.

2. Explain novel developments in the diagnosis and treatment of follicular carcinoma.

This article is available for continuing medical education credit at CME.TheOncologist.com.CMECME

ABSTRACT

Follicular neoplasms of the thyroid gland include be-
nign follicular adenoma and follicular carcinoma. Cur-
rently, a follicular carcinoma cannot be distinguished
from a follicular adenoma based on cytologic, sono-
graphic, or clinical features alone. The pathogenesis of
follicular carcinoma may be related to iodine deficiency
and various oncogene and/or microRNA activation. Ad-
vances in molecular testing for genetic mutations may
soon allow for preoperative differentiation of follicular
carcinoma from follicular adenoma. Until then, a pa-
tient with a follicular neoplasm should undergo a diag-
nostic thyroid lobectomy and isthmusectomy, which is
definitive treatment for a benign follicular adenoma or
a minimally invasive follicular cancer. Additional ther-

apy is necessary for invasive follicular carcinoma in-
cluding completion thyroidectomy, postoperative
radioactive iodine ablation, whole body scanning, and
thyrotropin suppressive doses of thyroid hormone. Less
than 10% of patients with follicular carcinoma will have
lymph node metastases, and a compartment-oriented
neck dissection is reserved for patients with macro-
scopic disease. Regular follow-up includes history and
physical examination, cervical ultrasound and serum
TSH, and thyroglobulin and antithyroglobulin anti-
body levels. Other imaging studies are reserved for
patients with an elevated serum thyroglobulin level
and a negative cervical ultrasound. Systemic metas-
tases most commonly involve the lung and bone and
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less commonly the brain, liver, and skin. Microscopic
metastases are treated with high doses of radioactive
iodine. Isolated macroscopic metastases can be re-
sected with an improvement in survival. The overall

ten-year survival for patients with minimally invasive
follicular carcinoma is 98% compared with 80% in
patients with invasive follicular carcinoma. The Oncol-
ogist 2011;16:585–593

INTRODUCTION

Follicular adenoma and follicular carcinoma of the thyroid
gland are tumors of follicular cell differentiation that con-
sist of a microfollicular architecture with follicles lined by
cuboidal epithelial cells. A follicular adenoma is a benign
encapsulated tumor of the thyroid gland. It is a firm or rub-
bery, homogeneous, round or oval tumor that is surrounded
by a thin fibrous capsule. A follicular adenoma is a common
neoplasm of the thyroid gland. In two autopsy series, the
incidence of thyroid adenoma was 3 and 4.3% [1, 2]. The
ratio of follicular adenoma to follicular carcinoma in surgi-
cal specimen is approximately 5 to 1 [3].

Most patients with a follicular adenoma are clinically
and biochemically euthyroid. Approximately 1% of follic-
ular adenomas are “toxic adenomas,” which are a cause of
symptomatic hyperthyroidism. Hyperthyroidism usually
does not occur until a functioning follicular adenoma is �3
cm in size. On radioiodine thyroid scintigraphy, function-
ing follicular adenomas avidly concentrate radioiodine and
may suppress iodine uptake in the rest of the thyroid gland.
In contrast, most follicular adenomas are hypofunctioning
on thyroid scintigraphy.

Follicular carcinoma has microscopic features that are
similar to a follicular adenoma. However, a follicular car-
cinoma tends to be more cellular with a thick irregular cap-
sule, and often with areas of necrosis and more frequent
mitoses. A follicular carcinoma cannot be distinguished
from a follicular adenoma based on cytologic features
alone. It is distinguished from a follicular adenoma on the
basis of capsular invasion, vascular invasion, extrathyroidal
tumor extension, lymph node metastases, or systemic me-
tastases. Capsular invasion is defined as tumor extension
through the entire capsule. A follicular neoplasm with tu-
mor invasion into but not through the entire capsule is con-
sidered a follicular adenoma [4]. Vascular invasion is
defined as tumor penetration into a large caliber vessel
within or outside the capsule. Tumor invasion of a large
vessel with an identifiable wall and an endothelial lining is
definitive morphologic evidence of vascular invasion. Vas-
cular invasion is the most reliable sign of malignancy.

Follicular carcinoma is divided into minimally invasive
and invasive variants based on morphologic criteria. Mini-
mally invasive follicular carcinoma is an encapsulated tu-
mor with microscopic penetration of the tumor capsule

without vascular invasion [4, 5]. Minimally invasive follic-
ular carcinoma is a less aggressive tumor with a disease-
free survival that has been reported to be similar to a benign
follicular adenoma [6, 7]. However, there are reports of
some patients dying of minimally invasive follicular carci-
noma [4]. Patients with minimally invasive follicular carci-
noma tend to be younger than patients with invasive
follicular carcinoma, and it has been suggested that mini-
mally invasive follicular carcinoma may be a precursor to
its invasive counterpart [8].

Invasive follicular carcinoma is defined as a follicular
carcinoma with vascular invasion and/or extension beyond
the tumor capsule into the adjacent thyroid parenchyma. It
is associated with a worse prognosis. It has been subdivided
into moderately invasive and widely invasive variants
based on the presence of angioinvasion with or without cap-
sular invasion versus extensive invasion of the capsule and
the thyroid parenchyma [4]. Van Heerden and colleagues
reported a 10-year disease-specific mortality of 15%–28%
in patients with invasive follicular carcinoma [6].

Follicular carcinoma accounts for �10% of all cases of
thyroid malignancy in iodine-sufficient areas and 25%–
40% of thyroid malignancies in areas of iodine deficiency
[3, 9]. The incidence of follicular carcinoma in the United
States has decreased, most likely secondary to dietary io-
dine supplementation and the elimination of iodine defi-
ciency and the more accurate diagnosis of follicular variant
of papillary cancer and Hürthle cell cancer [10]. It occurs
more often in women and older patients with a female-to-
male ratio of 3:1 and a mean age of 60 years at the time of
diagnosis. Most follicular cancers are nonfunctional, but
there are rare cases of functioning follicular cancers. Fol-
licular carcinoma is usually unifocal, and �10% of patients
will have lymph node metastases [4, 11]. Follicular carci-
noma has a propensity for hematogenous spread. Ten to
15% of patients with follicular carcinoma will present with
metastatic disease, most commonly involving the lung fol-
lowed by bone. The brain, liver, and skin are less common
sites of systemic metastases.

PATHOGENESIS

Iodine deficiency and endemic goiter are thought to be fac-
tors predisposing one to the development of follicular can-
cer. An increased risk of follicular thyroid cancer has been
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reported in areas of iodine deficiency and in areas of en-
demic goiter [12, 13]. The addition of iodide to the diet has
resulted in a decreased incidence of follicular cancer and a
relative increase in the incidence of papillary thyroid cancer
[12, 14].

Oncogene activation is common in follicular carcino-
mas. Approximately 80% of follicular carcinomas contain
RAt Sarcoma (RAS) gene mutations or a paired box gene 8/
peroxisome proliferator-activated receptor gamma (PAX8-
PPAR�) gene rearrangement [15]. The RAS genes code for
multiple G proteins that are involved in intracellular signal-
ing through the RAF-MEK-MAPK kinase pathway. Point
mutations in the N-RAS, H-RAS, and K-RAS genes occur
in �40% of follicular cancers, producing continuously ac-
tivated signaling proteins leading to uncontrolled growth
[16, 17].

The PAX8-PPAR� gene rearrangement has been found
in 4%–13% of follicular adenomas and 29%–56% follicular
carcinomas [18]. PAX8 is a gene that codes for a nuclear
protein product of a thyroid-specific transcription factor
that is involved in follicular cell differentiation. Mutations
in PAX8 cause it to become fused with PPAR� and impair
PPAR� function, leading to loss of growth inhibitory con-
trols [19].

Weber and colleagues have reported that four micro-
RNAs (miR-192, miR-197, miR-328, and miR-346) have a
significantly greater expression in follicular carcinoma than
follicular adenoma [20]. Micro-RNAs are small noncoding
segments of ribonucleic acid that contain �25 nucleotides
that negatively regulate gene transcription by binding to
gene promoters, ultimately affecting apoptosis and cell pro-
liferation. Mutations in the phosphatase and tensin homo-
logue suppressor gene and the phosphatidylinositol
3-kinase pathway may be an important factor in the devel-
opment of more aggressive thyroid cancers and may be
more common in follicular cancer [21]. Other factors that
have been implicated in the pathogenesis of follicular thy-
roid cancer include gene mutations in p53, c-myc, c-fos,
and the thyrotropin (TSH) receptor [22, 23].

Functioning follicular adenomas occur as a result of a
monoclonal expansion of thyroid follicular cells with a high
prevalence of activating mutations in the gene for the TSH
receptor and less frequently in the adenylate cyclase-stim-
ulating G alpha protein gene that result in increased thyroid
hormone secretion independent of TSH [24–26]. Approxi-
mately 20% of nonfunctioning follicular adenomas possess
oncogene mutations that may predispose them to progres-
sion to follicular carcinoma [27, 28]. N-RAS and K-RAS
mutations may be present in patients with follicular ade-
noma and have been implicated as playing a role in the evo-
lution of follicular adenoma to follicular carcinoma [29].

CLINICAL PRESENTATION

Most patients with a follicular adenoma or follicular carci-
noma of the thyroid gland present with a solitary thyroid
nodule in an otherwise normal thyroid gland. However,
both may occur in association with thyroiditis and/or nod-
ular hyperplasia. Most patients are euthyroid and asymp-
tomatic. Patients with larger tumors may present with
dyspnea, coughing or choking spells, hoarseness, or dys-
phagia as a result of compression of the trachea, recurrent
laryngeal nerve, or esophagus. They may complain of neck
pain as a result of sudden tumor enlargement from intratu-
moral hemorrhage or cystic degeneration. Rare patients
may present with hyperthyroidism.

Patients with a follicular adenoma or a follicular carci-
noma usually present with a thyroid nodule that is palpable
on physical examination or identified on an imaging study.
Palpable thyroid nodules occur in 4%–7% of the population
and up to 60%–70% will have a nonpalpable nodule that
can be identified by imaging the thyroid gland with ultra-
sound [30–32]. It has been estimated that �10–20 million
Americans have clinically detectable thyroid nodules at any
given time [33]. Patients with follicular carcinoma may
rarely present with lung or bone metastases identified on an
imaging study.

DIAGNOSTIC EVALUATION

The diagnostic evaluation of a patient who presents with a
thyroid nodule consists of a routine fine needle aspiration
biopsy, an ultrasound examination of the neck, and a
screening serum TSH level. Fine needle aspiration biopsy
remains the most important diagnostic modality for evalu-
ating patients with a thyroid nodule. A major limitation of
fine needle aspiration biopsy, however, is the inability to
distinguish a follicular adenoma from a follicular carci-
noma.

Fine needle aspiration biopsy in patients with a follicu-
lar adenoma and patients with a follicular carcinoma is
characterized by abundant follicular epithelial cells in
sheets with crowding and overlapping of cells, microfol-
licle formation, and scant or no colloid [3, 34]. According to
the Bethesda system for reporting thyroid cytopathology,
this cytologic appearance is classified as follicular neo-
plasm or suspicious for follicular neoplasm. A fine needle
aspiration biopsy specimen consistent with a follicular neo-
plasm accounts for �20% of all fine needle aspiration
biopsy results [35–37] and has a 15%–30% risk of malig-
nancy [34]. The differential diagnosis for a patient with a
thyroid nodule and a fine needle aspiration biopsy result
consistent with a follicular neoplasm is a follicular ade-
noma, adenomatous hyperplasia, follicular carcinoma, fol-
licular variant of papillary carcinoma, and classic papillary
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carcinoma. Cytomorphologic criteria alone cannot distin-
guish a follicular adenoma from a follicular carcinoma.

Some patients with a follicular adenoma or follicular
carcinoma have a fine needle aspiration biopsy specimen
that consists of follicular cells with abnormal architecture
and atypia that is more significant than usually seen with
benign lesions but not sufficient enough to call it a follicular
neoplasm. According to the Bethesda classification system,
these patients are categorized as having “atypia of undeter-
mined significance” or “follicular lesion of undetermined
significance.” This cytologic category is associated with a
5%–15% risk of malignancy and normally warrants repeat
fine needle aspiration biopsy [34]. The management of pa-
tients with this fine needle aspiration biopsy result may also
be dependent on other clinical and sonographic factors.

An ultrasound examination of the thyroid gland is recom-
mended in all patients with a thyroid nodule to help character-
ize the nodule as well as to examine the rest of the thyroid
gland for other nodules. Sonographic features that are associ-
ated with a higher risk of malignancy include hypoechogenic-
ity, punctuate microcalcifications, indistinct or irregular
margins, absent halo sign, a nodule that is taller than it is wide,
and an increased intranodular blood flow. Sonographic fea-
tures alone cannot distinguish a follicular adenoma from a car-
cinoma. However, recent studies using duplex Doppler
ultrasonography have demonstrated that the assessment of
blood flow in a follicular neoplasm is associated with a 96%
negative predictive value but only a 15% positive predictive
value for carcinoma [38]. The absence of intranodular blood
flow in a follicular neoplasm makes it unlikely to be a carci-
noma. In a patient with a follicular neoplasm, ultrasound dem-
onstration of nodular disease in the contralateral lobe has
important implications for operative management.

All patients with nodular thyroid disease should have a
serum TSH level measured to evaluate the functional status
of the thyroid gland. A low serum TSH level suggests the
possibility of a “toxic adenoma.” In these patients, a free
thyroxine and a free triiodothyronine level should be mea-
sured and an iodine-123 thyroid scan should be obtained to
distinguish a hyperfunctioning nodule from a hypofunc-
tioning nodule. In patients with a fine needle aspiration bi-
opsy consistent with a follicular neoplasm, the incidence of
malignancy with a hyperfunctioning nodule is �1%, com-
pared with 20% with a hypofunctioning nodule [39].

Recently, molecular testing for genetic mutations has
been investigated to help improve the accuracy of thyroid
fine needle aspiration biopsy. Nikiforov and colleagues re-
ported the results of a large prospective study testing for a
panel of mutations in preoperative fine needle aspiration bi-
opsy specimens obtained for assessment of thyroid nodules.
Their results revealed that molecular testing of thyroid nod-

ules for a panel of mutations can be effectively performed in
a clinical setting and that its combination with cytology pro-
duced a significant improvement in diagnostic accuracy.
The presence of any mutation was a strong indicator of ma-
lignancy, with 31 of 32 (97%) mutation positive nodules
found to be malignant after surgery. Despite a specificity of
99.7%, the sensitivity of molecular testing alone was only
62%. A RAS mutation conferred an 87% probability of ma-
lignancy, justifying a recommendation for surgery in all pa-
tients with RAS positive nodules [40].

Moses and colleagues reported that genetic testing for
common somatic genetic alterations was feasible in a
fine needle aspiration biopsy specimen, and in patients
with an indeterminate or suspicious fine needle aspira-
tion biopsy result, positive genetic testing could allow
for definitive total thyroidectomy. However, the nega-
tive predictive value is too low to reduce the need for di-
agnostic thyroidectomy [41].

Detection of circulating tumor cells in the blood using a
reverse transcriptase-polymerase reaction for TSH receptor
and thyroglobulin messenger RNA may help differentiate
follicular adenoma from follicular carcinoma. TSH recep-
tor and thyroglobulin mRNA transcripts found in the pe-
ripheral blood have been reported to be sensitive and
specific for thyroid cancer [42]. Milas and colleagues re-
ported that a preoperative TSH receptor mRNA � 1 ng/ug
in patients with a follicular neoplasm or suspicious cytol-
ogy had a 96% predictive value for carcinoma and an un-
detectable level with no abnormal sonographic features had
a 95% predictive value for benign disease [43]. Sato and
colleagues reported that detection of carcinoembryonic an-
tigen mRNA in the blood was useful in differentiating fol-
licular adenoma from follicular carcinoma [44].

Because fine needle aspiration biopsy has been unable
to distinguish a benign follicular adenoma from a follicular
carcinoma, considerable effort has been given to try to iden-
tify clinical factors for their potential in predicting carci-
noma and determining the extent of thyroidectomy. We
have previously reported that, in patients with an indeter-
minate fine needle aspiration biopsy, there was no signifi-
cant difference in age, gender, nodule size, or cytologic
atypia in patients with or without carcinoma [37, 45]. In pa-
tients with a fine needle aspiration biopsy consistent with a
follicular neoplasm, clinical factors, except for a prior his-
tory of head or neck radiation, do not affect preoperative or
intraoperative decision-making.

TREATMENT OF A PATIENT WITH A FOLLICULAR

NEOPLASM

A patient with a fine needle aspiration biopsy consistent
with a follicular neoplasm should, at minimum, undergo a

588 Follicular Neoplasms



diagnostic thyroid lobectomy and isthmusectomy. Patients
with a follicular neoplasm and a prior history of head or
neck radiation or nodular disease involving the contralat-
eral lobe of the thyroid gland should be treated with a de-
finitive total thyroidectomy. Frozen section examination
has not been helpful for intraoperative decision-making be-
cause it rarely distinguishes a follicular adenoma from a fol-
licular carcinoma. This has been confirmed by a
randomized clinical trial [46].

The sensitivity, specificity, and accuracy of frozen-
section examination are similar to fine needle aspiration bi-
opsy, and frozen-section examination rarely provides any
additional information in patients with a fine needle aspira-
tion biopsy consistent with a follicular neoplasm [47]. In
95% of patients with a follicular neoplasm, the frozen-
section exam diagnosis that is rendered at operation is “con-
sistent with a follicular neoplasm” and a definitive
diagnosis is deferred until all of the permanent sections
have been reviewed [47]. Chen and colleagues reported
that, in patients with a follicular neoplasm, frozen-section
exam rendered no useful information in 87% and was inac-
curate in 5% [48].

The assessment of capsular invasion by frozen-section
examination can be extremely difficult, particularly with an
irregular capsule of variable thickness [47, 49, 50]. Frozen-
section diagnosis of vascular invasion is difficult related to
vessel distortion and collapse and sectioning artifact, which
can “drag” tumor cells into thyroid vessels and give the ap-
pearance of vascular invasion [50, 51]. The diagnosis of
capsular and vascular invasion can be very subjective and
often dependent on the expertise of the pathologist. Franc
and colleagues reported that the interobserver agreement
for diagnosis of capsular invasion and vascular invasion
was only 27% and 20%, respectively [52]. Frozen-section
examination for assessment of both capsular and vascular
invasion is also limited by sampling error. It requires mul-
tiple sections through the nodule capsule interface to ade-
quately assess for capsular and vascular invasion. The use
of immunohistochemical techniques to identify PAX8/
PPAR� mutation in frozen-section specimens from patients
with a follicular neoplasm has been investigated with a re-
ported increase in sensitivity from 84% to 96% but a de-
crease in the specificity from 100% to 90% [53]. To date,
the immunohistochemical techniques are too time-consum-
ing for intraoperative use.

Thyroid lobectomy and isthmusectomy is definitive
treatment for patients with a benign follicular adenoma and
patients with minimally invasive follicular cancer. Invasive
follicular carcinoma is a more aggressive tumor with a pro-
pensity for systemic metastases and a worse prognosis. Pa-
tients with invasive follicular carcinoma are treated with a

total thyroidectomy. Prophylactic central neck dissection is
not a consideration in patients with follicular carcinoma be-
cause �10% will have lymph node metastases. Central and
modified neck dissections are reserved for patients with ab-
normal lymph nodes and biopsy confirmation of metastatic
disease. Completion thyroidectomy is preferably per-
formed within the first week of initial surgery or 3 months
later to avoid operation during the period of maximal scar-
ring. Delay in performing completion thyroidectomy be-
yond 6 months following initial thyroidectomy may be
associated with a higher risk of metastases and reduced sur-
vival [54].

Patients with a solitary toxic nodule, which is most often
a functioning follicular adenoma, may be treated with io-
dine-131 therapy or unilateral thyroid lobectomy. The ad-
vantages of surgical therapy are immediate resolution of
hyperthyroidism and compressive symptoms, avoidance of
radiation exposure to the normal thyroid tissue, removal
of the nodule, and treatment of rare cases of carcinoma. Per-
sistent or recurrent hyperthyroidism is uncommon. The in-
cidence of hypothyroidism is low with a reported rate of
14% compared with 22% for radioiodine therapy [55, 56].

POSTOPERATIVE FOLLOW-UP

Numerous systems have been developed to stratify patients
with differentiated thyroid cancer into risk groups. The
most important prognostic factors are the age of the patient,
tumor size, extent of the tumor, and the presence of distant
metastases. Seventy to 85% of patients are at low risk for
recurrence and mortality, and as a result their postoperative
management and follow-up does not need to be as aggres-
sive as in patients with high-risk cancer. Low-risk follicular
cancer is defined as a well or moderately differentiated tu-
mor �4 cm in size that is confined to the thyroid gland with-
out metastases in a patient �45 years of age. High-risk
follicular cancer is defined by a poorly differentiated tumor,
tumor size � 4 cm, extrathyroidal tumor spread, distant me-
tastases, or patient age of 45 years or older.

Patients with a final diagnosis of follicular adenoma or
minimally invasive follicular carcinoma require no addi-
tional therapy. Thyrotropin-suppressive doses of thyroid
hormone are unnecessary. Thyroid hormone is only given
for treatment of hypothyroidism, which occurs in one third
of patients following thyroid lobectomy [57]. A serum TSH
level is obtained 4–6 weeks after surgery to assess for hy-
pothyroidism. Radioiodine ablation and whole-body scan-
ning are not indicated for minimally invasive follicular
carcinoma. A yearly neck examination, cervical ultrasound
exam, and a screening serum TSH level are recommended
for follow-up.

Postoperatively, patients with invasive follicular carci-
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noma are treated with 30 mCi iodine-131 as an outpatient to
destroy residual thyroid tissue or microscopic malignancy.
A whole-body scan is recommended following ablation for
identification of metastatic disease. A 30 mCi dose of io-
dine-131 is successful in ablating residual normal thyroid
tissue in 80% of patients [58]. An additional 30 mCi dose of
iodine-131 may be given 6–12 months later in the 20% of
patients in whom the first dose is not successful in ablating
the residual thyroid tissue. Radioiodine ablation reduces the
risk of recurrence. It also eliminates normal thyroid tissue
as a source for thyroglobulin and iodine uptake, enhancing
the sensitivity of serum thyroglobulin monitoring and io-
dine whole-body scanning for detection of recurrent dis-
ease.

Patients with invasive follicular carcinoma are treated
with thyroid hormone to prevent TSH-induced growth of
residual cancer cells and reduce recurrence. In patients with
low-risk follicular cancer who are free of disease, serum
TSH levels are maintained between 0.3 and 2.0 uIU/ml. In
patients with high-risk follicular carcinoma, serum TSH
levels are maintained between 0.1 and 0.5 uIU/ml. In pa-
tients with persistent or metastatic disease, serum TSH lev-
els are maintained � 0.1 uIU/ml [59].

An estimated 11%–39% of patients with follicular car-
cinoma will develop recurrent disease [6, 60–64]. Recur-
rent thyroid cancer most commonly develops within the
first two years after surgical therapy. As a result, patients
with invasive follicular carcinoma are followed with his-
tory, physical examination, and serum TSH, thyroglobulin,
and antithyroglobulin antibody levels at 3–6 month inter-
vals for the first two years and then yearly thereafter. Cer-
vical ultrasound is performed at 6 and 12 months after
surgery and yearly thereafter for 3–5 years depending on
the patient’s risk for recurrent disease and results of thyro-
globulin monitoring [59]. A TSH-stimulated thyroglobulin
level obtained after withdrawal of thyroid hormone or after
administration of recombinant human TSH is obtained one
year following radioiodine ablation to establish the absence
of residual disease [59]. For patients who are found to be
free of disease, unstimulated serum thyroglobulin levels are
followed. An unstimulated thyroglobulin level above 2
ng/ml that increases over time may be indicative of recur-
rent disease, and a repeat TSH-stimulated thyroglobulin
level is obtained.

Routine iodine whole-body scanning is unnecessary for
patients without clinical evidence of disease who have an
undetectable serum thyroglobulin level, a negative ultra-
sound of the neck, and a prior negative iodine whole-body
scan. Repeat whole-body scanning is obtained when a pa-
tient has an elevated serum thyroglobulin level and a nega-
tive cervical ultrasound. Computed tomography (CT) of the

head, neck, and chest; magnetic resonance imaging (MRI)
of the spine, pelvis, and femurs; and positron emission to-
mographic imaging with 18 fluorodeoxyglucose (FDG-
PET) are reserved for patients with elevated thyroglobulin
levels, a negative ultrasound of the neck, and a negative io-
dine-131 whole-body scan. Thin-cut or spiral CT is the best
imaging modality for identifying pulmonary metastases.
MRI is the best modality for identifying bone metastases.
FDG-PET imaging has both a diagnostic and prognostic
role. FDG-PET positive lesions are associated with a worse
prognosis.

TREATMENT OF LOCAL RECURRENCE AND

METASTATIC DISEASE

Surgical resection with tumor-free margins is the mainstay
of therapy for local recurrence along with removal of any
remaining thyroid tissue. Macroscopic lymph node metas-
tases in the central neck are treated with a central neck dis-
section, which entails removal of all fibrofatty and nodal
tissue between the common carotid arteries from the hyoid
bone superiorly to the innominate artery inferiorly. Macro-
scopic lymph node metastases in the lateral neck are treated
by a modified neck dissection, which involves removal of
all nodal and fibrofatty tissue from levels II–V in the neck.
This includes the upper, mid, and lower cervical, the poste-
rior cervical, and the supraclavicular lymph nodes. Macro-
scopic metastases that are isolated to the lung, bone, or
brain that can be resected result in improved survival [59].

Surgery also has a role in patients with metastases in-
volving the vertebral bodies or long bones to prevent frac-
tures and for palliation of neurologic sequelae. Bone
metastases are most often osteolytic and most commonly
occur in the vertebral bodies followed by the pelvis, femur,
skull, and ribs. Patients with vertebral body metastases and
neurologic symptoms from vertebral collapse or tumor
compression are candidates for spine stabilization with tu-
mor resection or percutaneous vertebroplasty [64]. Surgery
may also be indicated for severe pain refractory to medical
therapy and for metastases that do not concentrate radioio-
dine.

Microscopic metastases are treated with high doses of
radioiodine. Metastases from follicular carcinoma will con-
centrate radioiodine in 75% of patients [58]. A 150 mCi
dose of iodine-131 is used for treatment of microscopic
lymph node metastases. A 200 mCi dose of iodine-131 is
used for treatment of systemic metastases. Radioiodine
therapy is most effective for micronodular pulmonary me-
tastases that are detected on iodine-131 whole-body imag-
ing in young patients with a normal chest x-ray. Multiple
doses are often required for treatment of micronodular pul-
monary metastases with a reported 10-year survival rate of
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90%, and it can be curative in 35%–45% of patients [66].
Macronodular pulmonary metastases that are identified on
chest x-ray are less responsive to radioiodine therapy, and
the 10-year patient survival is only 11% [66].

Bone metastases are less likely to concentrate radioio-
dine and are associated with a worse prognosis than pulmo-
nary metastases. High-dose radioiodine is used for
treatment of bone metastases that concentrate radioiodine.
Patients are rarely cured but they may experience a partial
tumor response or stabilization of disease with symptom-
atic improvement. It is estimated that iodine-131 therapy is
effective in only 55% of patients and only 17% of patients
develop a remission [67, 68]. External radiation therapy
may be used for palliation of bone pain and control of tumor
growth of metastases that do not take up radioiodine. Peri-
odic intravenous infusions of bisphosphonate drugs may
help reduce pain, pathologic fractures, and progression of
bone metastases. Patients with asymptomatic bone metas-
tases that do not concentrate radioiodine can be treated with
levothyroxine therapy alone with appropriate monitoring.
In contrast to patients with differentiated thyroid carcinoma
and isolated pulmonary metastases who have an overall
54% and 49% 10- and 20-year survival, the 10- and 20-year
survival for patients with bone metastases is 12% and 8%,
respectively [67].

Brain metastases account for �1% of the systemic me-
tastases from follicular carcinoma. They are associated
with a poor prognosis with a median survival of only 1 year.
When surgical resection is not an option, external radiation
can be used for palliation. Radioiodine therapy can be prob-

lematic because of the potential to cause cerebral edema.
Corticosteroid therapy is given to help prevent develop-
ment of cerebral edema. Consideration should be given to
using investigational therapy with a tyrosine kinase inhibi-
tor such as sorafenib or sunitinib for patients with progres-
sive radioiodine-resistant metastatic disease or entering
them into a clinical trial [69].

OUTCOME

Shaha reported an overall survival at 5, 10, and 20 years for
patients with follicular thyroid cancer of 85%, 80%, and
76%, respectively [36]. When patients with follicular car-
cinoma were divided into low-, intermediate-, and high-risk
groups based on age, T stage, distant metastases, histologic
type, and grade, their survival rates were 98%, 88%, and
56% at 10 years and 97%, 87%, and 49% at 20 years, re-
spectively. D’Avanzo and colleagues reported that patients
with minimally invasive follicular carcinoma have a 98%
10-year survival, compared with 80% at 10 years for pa-
tients with angioinvasive follicular carcinoma with or with-
out capsular invasion and 38% with extensive invasion of
the tumor capsule and the thyroid parenchyma [4]. The
cause of death is most commonly from progression of dis-
tant metastases [70].
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